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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~- CRITICAL HARDWARE

MUMBER: M7-3-M3-X EOS02704

ATTACHHENT -

SUBSYSTEM NAME: TUNNEL ADAFTER PAGE 114 OF 140
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PART NAME PART NUMBER
VENDOR NAME VENDOR NUMEER
8 LRU : ACTUATOR, HATCH LATCH MC287 -0036-0008
B ELLANEF RI039A10-8
B LRU ' ACTUATOR, HATCH LATCH MC287-0036-0009
B ELLANEF A103%A10-9
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m EXTENDED OESCRIPTION OF PART LUNDER ANALYSIS:
HATCH LATCH ACTUATOR, HATCR "C" AWD *D“

w QUANTITY OF LEIKE ITEMS: 2
ONE PER HATCH "C" (MLZB7-0036-0009)
ONE PER HATCH "D" (MC287-0036-0008)

m FUNCTION:
THIS DEVICE IS MOUNTED ON BOTH TUMNEL ADAPTER HATCHES ™C" AND "D" AND
IS A SEALED AND MANUALLY DRIVEN REDUCTICN GERRBOX THAT PROVIDES A
CONTROLLED QUTPUT FOR ORIVING THE LATCH MECHANISM OPEN CR CLOSEO. IN
S0 0UING, IT PROYIDES THE FORCE FOR HATCH SEAL COMPRESSION AS [T PULLS
THE SEALING SURFACES TOGETHER. TWD HANDLES FUR QPERATION ARE PROVIDED
FOR EACH HATGH; QHE 1S OM EACH SIDE OF EACH HATCH. A MECHANICAL LOCK
ANE A "NO-BACKY" ARE PROVIDED FOR RESTRAINT BETWEEM USES. THE KMDB ON
THE HANDLE ON THE PAYLQAD BAY SIDE OF WATCH "C" IS REMOVAELE. THE
DESIGH UTILIZES DUAL O-RING SEALS TO PREVEWT LEAKAGE OF CABIN/AIRLOCK
ATMOSPHERE THROUGH OR PAST THE ACTUATORS. B
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FA[LURE MODES EFFECTS ANALYSIS {FHEA] —— CRITICAL FAILURE MODE

SUBSYSTEM: TUNNEL ADAFTER
LRU :ACTUATOR, HATCH LATCH

[TEM NAME: ACTUATOR, HATCH LATCH

NUMBER: M7-3-M3-01 S0502704 - -

ATTACHMENT -

REVISION{ 1 0&5/17/91 R PAGE 115 OF 14p

CRITICALITY DF THIS
FATLURE WODE:1/1
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FAILURE MOOE:

PHYSICAL BINDING/IAMMING (GEARBOK)
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ADVERSE TOLERANCES/WEAR, CONTAMINATION/FOREIGN ABJECT/ODEBRIS, FATLURE/

DEFLECTION OF INTERNAL PART

CRITICALITY 1/1 DURING INTACT AHORT DWLY? NO
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REDUNOANCY SCREEN A) N/A
8) N/A
T) N/A
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(A) SUBSYSTEM:

A JAMMED ACTUATOR WOULD PREVENT THE LATCHES FROM OPERATING AND THUS
MIGHT PREVENT THE QPENING OF HATCH "C*" FOR AN EMERGENCY EVA OR THE

LATCHING OF HATCH “C* POST-EVA,

A JAHMED ACTUATOR WOULD ALSD PREVENT
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FATLURE MODES EFFECTS ANALYSIS {FMEA} —- CRITICAL FAILURE MNDE
NUMBER: M7-3-M3-01 ERE0270A
ATTACHMENT -
THE OPENING OF HATCH "0 FOR SPACELAB OPERATIONS OR THE LATCHING QF PAGE 116 OF 140
HATCH "D" POST-SPACELAR QPERATIONS.

w (B} INTERFACING SUBSYSTEM{S}:
POSSIBLE LOSS QF EMERGENCY EVA CAPABILITY [F THE HATCH "C" LATCH
MECHANISM FAILS TQ ROTATE OPEN. POSSIBLE LOSS OF MISSION OBJECTIVES IF
THE HATCH "D¥ LATCH MECHANISM FAILS TO ROTATE OPEN (LOSS OF ACCESS Td
THE SPACELAB). DEGRADED CAPABILITY TD DE-PRESSURIZE OR RE-PRESSURIZE
THE AIRLOCK/TUNNEL ADAPTER {PRE-EVA OR POST-E¥A) [F A FLIGHT CREWMEMBER
HAS TO FIRST PUSH OM ONE OF THE HATCHES TO MAKE THE INITIAL SEAL DURING
THE PRESIURE CHANGE.

m (C) MISSION:
SAME AS (B).

m (D) CREW, VEWICLE, AND ELEMENT(S):
POSSIBLE LOSS OF CREW/VEMICLE IF HATCH “C" CANNOT BE OPENED FOR
EMERGENCY EVA. POSSIBLE INJURY TO OR LOSS OF THE EVA CREWMEMBERS IF
EITHER HATCH ®C* OR *D* CAMNOT BE KEPT CLOSED AND SEALED TO ALLOW SAFE
RETURN INTD THE CREW CASIN THROUGH WATCH "A" POST-EVA.

@ (E) FUNCTIONAL CRITICALITY EFFECTS:
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m (A) DESIGN:
THE LATCH ORIVE ACTUATOR HAS DUAL ROTATING SURFACES. THE ACTUATOR IS
BESIGNED FOR A 180 LB FORCE LIMIT LOAD AT THE HANDLE (A#D A 1.4 FACTOR
OF SAFETY}, THE MAXIMUM HANDLE LOAD FOR UNLATCHING IS 20 LB FORCE.
THE MA&XIMUM HANDLE (OAD FOR LATCHING IS 30 LB FORCE. THE ACTUATOR
GEARBOX IS DUAL D-RING SEALED TD PREVENT INTERNAL CONTAMINATION, THE
EFFECTS OF HARD VACUUM EXPOSURE (TO THE PLANETARY GEARS, BALL BEARINGS,
SHAFTS AND THE “NO-BACK™) OR LEAKAGE OF CABIN ATMOSPHERE THROUGH DR
PAST THE ACTUATOR. ORY FILM LUBE DN S8EARING SURFACES. PUSITIVE
MARGINS UM ALL COMPONENTS.

w {B) TEST:
QUALIFICATION TESTS: ACTUATOR COMPONENT QUALIFIED BY SIMILARITY T4
MC2H7-0036-0004 AND -0006 (PER [R-287-0036-0006C). QUALIFICATION
TESTS INCLUDE: VIBRATION FOR 48 MINUTES IN EACH GF 3 ORTHOGONAL AXES,
CABIN ATMOSPHERE (PER MIL-5TD-810R, INCLUDES: 1 HOUR SALT/FOG,
THERMAL JHUMIDITY AT +80 OEG F TO +120 DEG F AT 80% RELATIVE RUMIDITY
FOR 120 HOURS), LIMIT LOAD {150 LB AT WANDLE 3,750-4,941 LB AT QUTPUT
ARM, 10 CYCLES), THERMAL CYCLE TESTS {IMCLUDES: THERMAL-VACUUM AT -85
OEG F AND +275 DEG F FOR 5 OPERATIONAL CYCLES, AT EACH TEMPERATURE),
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FAILURE MOGES EFFECTS ANALYSIS (FMEA} —- CRITICAL FAILURE MODE -
MUMBER: M7-3-M3-01 SO502700 .

ATTACHMERT -

PROOF PRESSURE/LEAK AT 15/16.5 PST, CRASH/SHOCK AT +/- 20 6'S {FOR 1l L. 1417 cr 140
MILLI-SECOMDS, PER MIL-STO-210B), ACCELERATION (5 G'S IN EACH OF 3
ORTHOGONAL AXES, 5 MINUTES EACH), BACKLASH TESTS (MAXIMUM +/- 1 DEGREE
WITH +/- 10 LB ON QUTPUT ARM, AND OPERATING LIFE (2,000 CYCLES) WIT#
775 LB AT QUTRUT ARM, “NO-BACK* TEST {4,941 LB AND NO GREATER THAN 2
DEGREES DEFLECTION AT QUTPUT ARM), MECHANICAL STOP TEST {ROTATE HANDLE
10 EACH STOP AND APPLY 150 LB, 50 CYCLES WITH NO JAMMING), LOCK CONTROL
AND INDICATOR TEST (APPLY 150 LB TO LOCKED HANDLE, 10 TIMES, WITH LOCK
OPERABLE FROM BOTH HANDLES; APPLY B-10 LB 7O LOCKING-LEVER TO LUNLDCK
25 TIMES), MECHANICAL LOCK TEST (APPLY 223 LA TO INPUT LOAQ CABLE, WITH
NON-REMOVABLE HANOLE FULL CLOCKWISE AND LOCKED).

ACCEPTANCE TEST: ACTUATOR ACCEPTANCE TESTS [NCLUDE MECHANICAL LOCK
TEST (NG ROTATION WITH 150 LB CLIMIT LOAD AT HANDLE), NORMAL LOAD TESTS
{10 CYCLES, WITH 30 LB AT WANDLE AND 775-988 LB AT OQUTPUT ARM), X-RAY
{2 YIEWS, PER MIL-STD-453, FOR FOREIGN OBJECTS/MATERIALS, AND LEAKAGE
TEST (MAXIMUM 0.D00CL STD CC/SEC/INCH OF SEAL WITH 16 PSID LIMIT).

OMRSD: HATCH LATCH ACTUATOR IS FUNCTIONALLY OPERATED FOR EVIDENCE OF

BINDING, SURFACE CONTAMINATION AND POSSIBLE OAMAGE. VISUALLY INSPECT

TUNNEL ADAPTER HATCH "C* AND "D" MECHANISH LATCHES AND HINGES.

FUNCTIONAL CHECK OF HATCH "C* AND D" ARE PERFORMED BY OPENING AN

CLOSING HATCHES FROM INSIDE TUNNEL ADAPTER AND REPEATING FROM QUTSIOE

ADAPTER. ACTUATOR HANDLE AND LOCK LEVER FORCES ARE CHECKED. TESTS ARE

PERFORNED WHEN THE TUNNEL ADAPTER IS INSTALLED ON THE YERICLE. _ ¢

REFERENCE OMRSD V33A00.0XX AND V3IZAED.0XX

a (C) INSPECTION:
RECEIVING INSPECTION
RAW MATERIAL VERIFIED VISUAL INSPECTION/IDENTIFICATION PERFURMED, PARTS
PROTECTION VERIFIED. O-RINGS ARE MAGNIFICATION INSPECTED FOR DAMAGE.

CONTAMINATION CONTROL

CONTAMINATION CONTROL PROCESSES ANQ CORRQSION PROTECTION PROVISIONS
VERIFIED. ALL PARTS ARE CLEANED TO 200 LEVEL PRIGR TO ASSEMBLY AND
YERIFIED BY INSPECTION.

ASSEMBLY /INSTALLAT ION

MANUFACTURING, INSTALLATION AND ASSEMBLY OPERATIONS VERIFIED BY RO
TRAVELERS. MANDATORY [NSPECTION PQINTS {MIPS), LATCH AND HANDLE
FORCES, GEARBDY ASSEMBLY, AMD BEARINE INSTALLATION ARE VERIFIED BY
INSPECTION, ALL PURCHASED PART DATA PACKS AND SPRING DIAMETERS AND
FORCES ARE VERIFIED BY INSPECTION. O-RINGS ARE MAGNIFICATION INSPECTED
PRIOR TO IHSTALLATION,

HONDESTRUCTIVE EVALUATICH
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. FAILURE MODES EFFECTS ANALYSIS (FMEA) —— CRITICAL FAILURE MODE
NUMBER: M7-3-M3-Cl S0I070A
ATTACHMENT ~
STRUCTURAL INTEGRITY VERIFIED BY WONDESTRUCTIVE EVALUATION {NDE) FAGE 115 OF 14
TECHNIQUES {X-RAY) AND TECHNWICIANS CERTIFIED AND VERIFIED BY
TNSPECTION.
TESTING

GEAR HARDNESS TEST, ACROSS PIN MEASUREMENT {70 FIND MAX[MUM ACTUAL
SPACE WIDTH AND HIHIMUH ACTUAL TDOTH THICKNESS OF SPLINES), AND REDLINE
TEST FOR COMPOSITE ERROR ARE VERIFIED BY INSPECTION.

HANDLING/PACKAGING
FROFPERLY MONITORED HANOLING AND STORAGE ENVIRONMENT WERIFLED.

® (D) FATLURE HISTORY:
THERE HAVE BEEN MO ACCEPTANCE TEST, QUALIFICATION TEST, FIELB OR FLIGHT
FAILURES ASSOCTATED WITH THIS FAILURE MODE.

w (E) OPERATIOMAL LSE:
HQ OPERATIDNAL WORKAROUND IS PQSSIBLE FOR FAILURE TO UPEN HATCH "L
(RESULTING IN LOSS OF EVA CAPABILITY) QR FAILURE TO OPEN HATCH "D"
{RESULTING IN [MABILITY TO ENTER SPACELAB}. WORKAROUND FOR FAILURE TD
CLOSE HATCH “C" QR *0* IS FOR EVA CREWMEMBER T HOLO HATCH IN CLOSED
FOSITION DURING REPRESSURIZATION OF TUNMEL ADAPTER AND A[RLOCK, TO
. ALLOW RE-ENTRY INTO CREW MOUULE THROUGH AIRLOCK HATCH “"a*,
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RELIABILITY ENGINEERING: O. M. MAYNE .
DESIGH ENGINEER ING R. A. SMITH
QUALITY ENGTHEERING M. SAVALA
MASA RELIABILITY

NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE
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